Objective: Somatostatin acts on five specific receptors (sst1 -5) to elicit different biological functions. The non-obese diabetic (NOD) mouse is an experimental model of type 1 diabetes. The aim of this study was to investigate whether the islet expression of sst1 -5 is affected during the development of diabetes in NOD mice, with insulitis accompanied by spontaneous hyperglycaemia. Methods: By immunostaining for sst1 -5 the expression and co-expression together with the four major islet hormones in pancreatic islets were investigated in female and male NOD mice at different stages of disease. The NOD related non-diabetic ICR mouse was also examined. Results: The islet cells of diabetic NOD mice showed an increased islet cell expression of sst2 -5 compared with normoglycaemic female NOD mice. This correlated to increasing age and extent of insulitis. Major findings from the co-expression investigations were that sst2 was expressed in a majority of b-cells in the normoglycaemic NOD mice, but absent in the b-cells in the diabetic NOD mice. A majority of the a-cells expressed sst2 and 5 in normoglycaemic and diabetic NOD mice. About 60% of d-cells showed co-expression of sst4 and 5 in both normoglycaemic and diabetic NOD mice. 60% of pancreatic polypeptide (PP)-cells expressed sst4 in both groups. Insulitis was found to be accompanied by a down-regulation of sst in normoglycaemic animals. Conclusions: The difference in sst expression in the islets cells of diabetic mice may suggest either a contributing factor in the process leading to diabetes, or a defence response against ongoing b-cell destruction.
Introduction
Type 1 diabetes mellitus is caused by a destruction of the pancreatic b-cells, rendering the pancreas unable to synthesize and secrete sufficient amounts of insulin. The non-obese diabetic (NOD) mouse represents an experimental model of type 1 diabetes, which includes a gradual development of pancreatic insulitis accompanied with hyperglycaemia (1 -4). The inflammatory process in the pancreatic islets of Langerhans of the NOD mouse starts around 3-4 weeks after birth. Antigen-presenting cells such as macrophages and dendritic cells appear early, followed by CD4 þ and CD8
þ T-and B-cells (5) . At an early stage the insulitis is usually located around the islets (peri-islet), and at about 10 weeks of age extensive infiltration of the pancreatic islets can be observed (intra-islet).
Somatostatin is a natural cyclic peptide inhibitor of pituitary, pancreatic, and gastrointestinal secretion, acting through five specific membrane receptors (sst1-5) (6 -8) . The ssts are widely distributed in many tissues and organs, such as the pituitary, thyroid, kidney, and lung (9 -13) . The different ssts are distinguished by their pharmacological properties, tissue distribution, and intracellular signalling pathways. Somatostatin is produced by the d-cells in the islets of Langerhans in the pancreas where it plays an important role in the control of both insulin and glucagon secretion (14) . Immunohistochemical studies on rodent pancreas have demonstrated expression of sst2 on a-cells and sst5 on b-cells, suggesting that sst2 regulates glucagon secretion and sst5 insulin secretion (15, 16) . This has also been confirmed by in vitro studies on isolated mouse and rat pancreatic islets (17 -20) . Recently we have found that all five ssts are expressed in the pancreatic islets of C57BL/6 mice and Sprague -Dawley rats (21) . Furthermore, by using a double immunofluorescense method on pancreatic specimens from the rodents, we reported that the co-expression of sst with the four major islet hormones varied between species and sst subtypes (21) .
In the present study we aimed to investigate whether the islet expression of different sst receptors may be affected during the development of type 1 diabetes. For this purpose we immunohistochemically investigated the distribution of sst receptors and the co-expression with the four major islet hormones in pancreatic islets in female and male NOD mice at different stages of disease. A related, but not insulitis-and diabetes-prone, mouse strain (ICR) was also examined.
Materials and methods

Animals
Inbred NOD mice (Biomedical Center, Uppsala, Sweden), originally obtained from the Clea Company, Aobadi, Japan, were used in this study. The cumulative incidence of diabetes of NOD mice in our colony is about 70% at 30 weeks of age in the females and less than 10% in the males. The animals had free access to tap water and pelleted food. All experiments were approved by the local animal ethics committee at Uppsala University. Altogether 142 pancreatic glands were collected from NOD mice (95 females and 47 males), ranging from 4 to 66 weeks of age ( Table 1 ). The NOD mouse strain is derived from the ICR mouse, and therefore three groups of five female ICR mice, aged 6, 20 and 40 weeks, and two groups of five male ICR mice, aged 11 and 20 weeks, were studied as non-diabetic prone controls (Taconic Farm, Germantown, NY, USA). Before a mouse was killed by cervical neck distension a blood glucose determination (Medisense, Waltham, MA, USA) was performed on blood samples taken from the tail tip, and the weight of the mouse was measured. An NOD mouse was considered diabetic when the non-fasting blood glucose concentration exceeded 10 mM.
Immunohistochemistry
The production and specificity of subtype-specific somatostatin receptor antibodies has been described before (11, 21) . The pancreatic specimens obtained were immediately fixed in 10% buffered formalin (Merck, Darmstadt, Germany) for 24 h at room temperature, and then changed to 70% ethanol and embedded in paraffin. Sections, 5 mm thick, were cut and attached to POLYSINEe glass slides (MenzelGläser, Braunschweig, Germany).
Single-staining with sst1-5 antibodies
All pancreatic sections were single-stained for the five sst receptors (21) . The immune reaction was amplified by an avidin -biotin complex coupled to alkaline phosphatase (Vectastain ABC-AP; Vector Laboratories, Burlingame, CA, USA) and visualized with Vector Red w (Vector Laboratories) as a substrate (21) . It should be noted that when the sst-specific antibodies were preincubated with the peptides used for immunization the immunoreactivity for each receptor was blocked (data not shown (21)).
Double immunofluorescence staining of sst1 -5 and islet cells
To investigate the co-expression of sst1 -5 on the islet cells we used the immunofluorescence method described previously (21) . Five pancreatic specimens from normoglycaemic female NOD mice, five from diabetic female NOD mice in age group 4, and five from normoglycaemic female NOD mice in age group 1 were collected, embedded in paraffin, and stained for sst1 -5 in a cocktail with chicken anti-insulin (1:750; Immunsystem, Uppsala, Sweden), chicken anti-glucagon (1:400; a kind gift from Associate Professor A Larsson; raised against human glucagon (Novo Nordisk, Bagsvaerd, Denmark)), sheep anti-somatostatin (1:25; Guildhay, Guildford, Surrey, UK), or sheep antipancreatic polypeptide (PP) (1:25; SeroTech, Oxford, UK) as described previously (21) . The immune reaction was visualized by a cocktail consisting of secondary antibodies: Cy3-conjugated donkey anti-rabbit IgG (1:100) and Cy2-conjugated donkey anti-sheep IgG (1:100) or Cy2-conjugated donkey anti-chicken IgG (1:100; all from Jackson ImmunoResearch, West Grove, PA, USA). The specificity of the commercial anti-hormone antibodies were tested by using different dilutions of the antibodies as well as by omitting the primary antibodies.
Morphological evaluation
Light-microscopic evaluation Pancreatic islet mononuclear cell infiltration was ranked according to an Germany) of each pancreatic islet, using both filters, were merged together with Adobe Photoshop 7.0 software (Adobe, San Jose, CA, USA); a yellow colour indicated co-expression of an sst subtype with any of the four islet hormones tested in this study. The results are expressed as a percentage of sst-positive cells in relation to the total number of the respective islet cell type in a specific pancreatic islet. The pancreatic sections and the different rankings were evaluated with the examiner being unaware of the origin of the sections and the identity of the antibody used. Sections from each pancreas were stained with each antibody, and mostly about 8 -10 islets were analysed per animal. However, the diabetic animals had a lower number of islets than the normoglycaemic animals and thus in some diabetic mice fewer than 10 islets were examined. Because the islets in a given section varied in size, they were selected to include both large and small islets.
Statistical analysis
Statistical analysis was performed by comparing groups of data in Student's unpaired t-test or the Fisher's exact test, where P , 0.05 was regarded as significant. The computer program used was SigmaStat 2.0 (SPSS Science Chicago, IL, USA).
Results
Animals
The NOD mice were classified into three groups: females, males, and diabetic females. Moreover, the mice were subdivided according to age into seven groups. In Table 1 the number and ages of the female and male NOD mice in each group are seen, as well as the mean blood glucose concentration for each group. For the study animals were collected at various occasions and among the females 31 out of 95 (33%) were diabetic on the particular days of organ collection. None of the males were diabetic. Diabetic females had an increased blood glucose concentration with a mean peak level of about 26 mM in age groups 4, and 5. The normal females and males remained normoglycemic with a mean blood glucose concentration of 6 mM. Since female NOD mice have a higher risk of developing diabetes than males, we wanted to compare normoglycaemic female and male NOD mice to investigate whether there were any differences in sst expression. No such alterations were found and therefore, for purpose of clarity, we only presented data comparing normoglycaemic NOD females with diabetic NOD female mice, with exception of Fig. 3 (see below). Figure 1 shows the evaluation of insulitis in relation to age and normoglycaemia or diabetes in the different groups. Among normoglycaemic females only young mice (age groups 1-3) comprised animals with a normal pancreas without any apparent infiltration of immune cells in the islets of Langerhans (rank A). None of the older females displayed a pancreas without Figure 1 Frequency (percentage of animals) and rank of insulitis in different age groups of normal and diabetic female NOD mice. White bars denote essentially no cell infiltration, (rank A); grey bars denote 10-50% of islets infiltrated mainly in the peri-islet area (rank B); black bars denote .50% of islets infiltrated, and to a large extent in an intra-islet location (rank C).
Evaluation of insulitis
any invading immune cells. Of normal females in age group 1, 70% were scored B, and this declined to 44% in the oldest age group. With more advanced age the predominating rank of insulitis became C. The highest frequency of normoglycaemic female NOD mice scored C was found in age group 4 (83%). None of the diabetic female mice showed a normal pancreas without immune cells. In age group 3 all diabetic NOD mice were scored rank C and in age groups 4-6 insulitis score B and C were almost equally distributed. For age groups 6 and 7 about two-thirds of the animals were scored C.
Expression of sst in pancreatic islets of NOD mice Figure 2 demonstrates the immunohistochemical staining for all five sst subtypes in a 22-week-old diabetic female NOD mouse with insulitis; that is, rank C. sst1 and 4 showed a weak positive immunoreactivity in the pancreatic islets, whereas sst2, 3, and 5 revealed strong expression. The expression of sst1 -4 seems to be present in the entire islet, whereas sst5 revealed a stronger central immunoreactivity in the islets. Note that one islet (sst2) did not appear to be inflamed; however, it was not a consistent finding that such islets were more intensely stained. Moreover, the acinar cells were frequently stained for sst2 in the NOD mice.
The expression of sst subtypes, irrespective of age and rank of insulitis, in islets from normoglycaemic female and male and diabetic female NOD mice is shown in Fig. 3 . The sst1 receptor was equally abundant in the groups. However, there was a difference in sst2 -5 expression between diabetic and normal females, and the same was found for sst3 -5 when diabetic females were compared with males. There was no difference in this context when comparing normal female and male NOD mice. sst4 was the subtype that exhibited Figure 2 The immunohistochemical staining for all five sst subtypes in a 22-week-old diabetic female NOD mouse with insulitis rank C. sst1 and 4 showed a weak positive staining in the pancreatic islets, whereas sst2, 3, and 5 revealed strong expression. The expression of sst1-4 seems to be in the entire islet, whereas sst5 revealed a stronger peripheral staining than in the centre of the islet. Scale bar, 50 mm.
the lowest frequency of expression, and in the normoglycaemic animals this receptor was found in only a minor fraction of the islets.
Expression of sst in pancreatic islets in relation to rank of insulitis
The pancreatic islets from each NOD mouse were ranked for insulitis according to an arbitrary scale (A -C), as detailed in the Materials and methods section. In the same pancreatic section an evaluation of sst expression was also performed. The expression of the five ssts in pancreatic islets of NOD mice scored with insulitis rank B and C is given in Fig. 4 . This rank may correspond to an early phase in the progression of diabetes. Nevertheless it should be noted that some diabetic females received this score. There was no difference in sst1 and 2 expression in islets of diabetic females as compared with normoglycaemic mice with rank B. However, sst3, 4, and 5 expression was higher in islets of diabetic compared with normal females. In glands with more extensive insulitis, rank C, the only sst receptor that became significantly increased in diabetic compared with normal females was the sst2 receptor.
Expression of sst in pancreatic islets in relation to age
The expression of sst1 -5 has been stratified according to age group of the NOD mice. A few sst receptors showed a significant change in the diabetic group in certain age groups (data not shown). An overall impression of the data may suggest that, with increasing age and the presence of diabetes, an increased fraction of mice showed positive sst3, 4, and 5 staining (data not shown). As a control, 15 female ICR mice were killed at 6, 20, and 40 weeks of age (all n ¼ 5). They had mean blood glucose concentrations of 9.9^0.4, 7.2^0.1 and 6.4^0.3 mM, respectively. Similarly we also studied sst receptor expression in 10 male ICR mice killed at 11 and 20 weeks of age (both n ¼ 5), with mean blood glucose concentrations of 9.1^0.6 and 7.6^0.5 mM, respectively. None of the ICR mice had any infiltration of immune cells in the pancreatic islets, and were therefore all ranked A. Statistical analysis of data for female ICR mice, summarized in Fig. 5A , did not reveal any difference in sst expression, including sst3, when comparing the 6-week-old ICR mice with the older ICR mice aged 20 and 40 weeks. Moreover, Fig. 5B shows that there was no alteration of any of the five ssts expressed when comparing 11-week-old male ICR mice with 20-week-old male ICR mice. Thus, when we studied the influence of age in the ICR mice, which are genetically related but not diabetes-or insulitis-prone, we did not find that islet sst receptor expression varied with age.
Double immunofluorescence staining
To further investigate the influence of diabetes on the islet structure and sst expression pattern, normoglycaemic and diabetic NOD mice were stained using an immunofluorescence method. For this purpose mice in age group 4 were selected. Figure 6 shows the quantitative analysis of the pancreatic islet co-expression of sst receptor subtypes with insulin (Fig. 6A), glucagon (Fig. 6B) , somatostatin (Fig. 6C) , and PP (Fig. 6D) . Fig. 6A shows that sst2 is expressed in a majority of b-cells in the nor- moglycaemic NOD mice, whereas none of the few b-cells still existing in the diabetic NOD mice expressed this receptor subtype. The other receptors were expressed in about half of the b-cells in pancreatic islets of normoglycaemic females, whereas less than 20% of the b-cells in diabetic NOD mice co-expressed sst1, 3 and 5. The sst4 receptor was not co-expressed at all in the b-cells of the diabetic mice. Fig. 6B shows the co-expression of sst1 -5 together with glucagon-positive cells. All five ssts were expressed to a higher degree in the islets of diabetic NOD mice compared with normoglycaemic females. sst2 and 5 were expressed in the majority of acells in both study groups. Figure 7 shows the merged picture of Cy3-conjugated immunofluorescence distribution of sst1 -5 (red) together with Cy2-conjugated glucagon antibody (green) in a representative islet sample of a normoglycaemic NOD mouse (Fig. 7A -E) and a diabetic NOD mouse ( Fig. 7F -J) . Co-expression is demonstrated by a yellow colour. It should be noted that the islet structure is altered in diabetic NOD mice, where the a-cell mass appears to be expanded and becomes more centrally located in the islets, replacing the vanished b-cells. The co-expression of sst1 -5 on somatostatinsecreting cells (Fig. 6C) shows that sst4 and 5 were expressed in about 60% of the d-cells in both normoglycaemic and diabetic NOD mice. However, sst1 and 3 were expressed to a higher degree in normoglycaemic animals, whereas expression for sst2 showed the opposite change. The PP cells were co-expressed with sst4 to about 60% in both groups (Fig. 6D ). sst2 and 5 had a higher fraction of co-expression in the PP cells in diabetic NOD mouse islets, whereas sst3 was not expressed at all in the diabetic group. sst1 was expressed to about 20 -30% in both study groups. The inflammatory cells may also influence the expression of sst. Therefore we immunofluorescence-stained five normoglycaemic female NOD mice without any insulitis (rank A) from age group 1 and compared the results with normoglycaemic females having immune-cell infiltration (rank B/C) in age group 4. These results are summarized in Table 2 . sst1 receptors were found to be less expressed on b-cells in animals with cellular infiltration compared with normal animals. Also in a-cells the expression of sst1, as well as that of sst3, was decreased in the islets of inflamed mice. sst2 and 5 were expressed in a majority of the glucagon-secreting cells in both the normal animals and animals with islet infiltration. The sst1 receptor was expressed in the d-cells to a lower degree in animals with immune cells. The same pattern was seen for sst2. The other receptors were expressed to almost the same extent. In the PP cells sst2 and 5 receptors were expressed less in the mice with (peri)insulitis.
Discussion
The NOD mouse model is a useful tool for the study of type 1 diabetes, since it shares many features of the human disease. In our study we have investigated the distribution and expression of sst1 -5 in NOD mouse islets in relation to gender, age (data not shown), rank of insulitis (Fig. 4 and Table 2) , and presence or absence of diabetes (Figs 3 and 6 ). Presently the NOD mice were collected on different occasions and among the females 31 out of 95 (33%) were diabetic on the particular days of organ collection. None of the males were diabetic. Since female NOD mice have a higher risk of developing diabetes than males, we wanted to compare normoglycaemic female and male NOD mice to investigate whether there were any differences in sst expression. No such alterations were found, however, suggesting that the difference of sst subtypes expression in the diabetic animals is due to the pathogenesis and/or symptoms of type 1 diabetes and not due to a difference in gender. The expression of sst1 -5 has been stratified according to age group of the NOD mice (data not shown). A few sst receptors showed a significant or near-significant change in the diabetic group in certain age groups. An overall impression of the data may suggest that with increasing age and the presence of diabetes an increased fraction of mice showed positive sst3, 4, and 5 staining. The fact that some apparent differences between normoglycaemic and diabetic females are not statistically significant can be attributed to low numbers of mice in certain age groups. The NOD mouse is derived from the non-diabetic prone ICR mouse, and this strain could thereby be studied as a control. We thus examined the influence of age on the islet sst expression by studying female ICR mice at 6, 20, and 40 weeks of age and male ICR mice at 11 and 20 weeks of age. With the possible exception of sst3, which declined in the 20-week-old mice in contrast to an increase in diabetic NOD mice, no age-related change was found in the female ICR mice. In addition, Fig. 5B shows that there was no alteration in expression of any of the five ssts when comparing younger male ICR mice with older mice. Since there was an increase of sst3 and 4 expression in relation to age in diabetic NOD mice compared with male NOD mice (data not shown), we postulate that the observed alterations in sst expression depend on the progression of disease and/or extent of insulitis rather than increasing age.
We found that the frequency of sst1 expression was not altered in the pancreatic islets of diabetic NOD mice compared with normal females at any age interval or insulitis rank, when islets were evaluated on the basis of receptor expression or not (Figs 3 and 4) . The sst1 receptor was observed to be expressed mainly in the centre of the islet. Most b-cells in C57BL/6 mice have recently been shown to be sst1-positive (21), but in the NOD mice not more than 35% of the normal females and 5% of the diabetic NOD mice co-expressed sst1 on b-cells (Fig. 6A) . Moreover, the occurrence of insulitis led to a lower sst1 expression on b-cells compared with animals lacking insulitis ( Table 2) . It was noted that of the different receptor subtypes, sst1 was most extensively expressed in the pancreas of normoglycaemic female NOD mice (67%), followed closely by sst2, whereas instead sst5 was most frequently expressed in the islets of diabetic females (84%; Fig. 3 ). The latter findings suggest that the physiological regulation of sst1 in b-cells is more influenced by the autoimmune inflammation of the pancreatic islets rather than by the hyperglycaemia/diabetes.
About half of the normoglycaemic females in this study expressed sst2 in their islets, whereas more than 80% of the diabetic animals displayed sst2 expression (Fig. 3 ). An immunoreactivity for sst2 in the acinar cells was also found, which is supported by other studies (21, 22) . We observed that some of the normoglycaemic mice expressing sst2 showed a more pronounced peripheral immunostaining of the islet, with weak or no central immunoreactivity. Glucagon secretion has been reported to be regulated by sst2 in mice (17) , which may suggest a higher expression of sst2 in glucagon-positive cells compared with other islet cells. This is in line with our observation showing that co-expression of sst2 on a-cells was close to 100% in diabetic females and 73% in normoglycaemic NOD mice (Fig. 6B) . A preferential peripheral islet-cell expression pattern, however, was not seen in the diabetic NOD mice and Fig. 7 shows that the islet architecture and cell distribution was altered when comparing the two groups. It seems that the a-cells are more centred within the islets in the diabetic NOD mice compared with normoglycaemic mice. This is in line with previous studies (23) . The high co-expression value is, however, almost the same in animals with or without insulitis and diabetes. In the diabetic animals no b-cells expressing sst2 were found (Fig. 6A) , which could suggest that a somatostatin-induced inhibition of insulin release may not be possible to achieve in the hyperglycaemic mice. This circumstance would facilitate insulin secretion when insulin is lacking. Furthermore, this notion is corroborated by the observation that b-cell expression of sst5 decreased in the diabetic females (Fig. 6A) , since the latter receptor subtype is important for inhibition of insulin secretion. The importance of increased expression of sst2 in d-and PP cells of diabetic animals is unclear. Insulitis itself did not affect a-and b-cell expression of sst2, whereas it reduced the expression of this receptor in d-and PP cells ( Table 2 ). The majority of the infiltrating immune cells in the pancreatic islets of the NOD mice are T-cells, which are known to release pro-inflammatory cytokines such as interferon (IFN)-g and tumour necrosis factor-a (24) . Furthermore, murine T-cells have been revealed to only express sst2. It has also been demonstrated that the synthetic analogue of somatostatin, octreotide, may inhibit antigen-stimulated secretion of IFN-g by T-cells in vitro (25) . In agreement with this, a recent study showed that an anti-sst2A somatostatin receptor antibody could block the somatostatin-induced inhibition of IFN-g production (26) . This could mean that locally released somatostatin in the inflammatory islet can down-regulate IFN-g secretion and then protect against cytokinemediated damage. Knowing that the immune cells may express sst2, we carefully investigated the islets for sst2 expression so that the positive immunoreactivity reported herein should only refer to the islet cells, and not the invading immune cells. We found a higher frequency of animals expressing sst2 in pancreatic islet cells with some or massive infiltration of immune cells (Fig. 4) . Since somatostatin is able to inhibit a-and b-cell function this might down-regulate glucagon secretion during a condition of increasing hyperglycaemia and render the remaining b-cells less vulnerable to cytokine-induced destruction during the development of insulitis. Thus, the increased expression of islet sst2 receptors may reflect a defence mechanism by the islet cells against the secreted cytokines (27).
The expression pattern for sst3 was similar to sst1, but was only detected in about 25% of the pancreatic islets of the normal female NOD mice. However, the expression of sst3 was observed in about 60% of the islets of the diabetic animals (Fig. 3) . In comparison, normal mouse islets have been reported to only express sst3 in a minority of the islet cells (21) . The expression Figure 7 Pancreatic islets of a representative normoglycaemic female NOD mouse (A-E) and a representative diabetic NOD mouse (F-J) from age group 4. Red staining shows sst receptor staining, green staining shows glucagon-positive staining, and yellow staining shows co-expression of sst and glucagon. Scale bar, 50 mm.
seemed to be higher in diabetic animals compared with normal females in pancreatic sections with less islet inflammation, i.e. rank B (Fig. 4) . The co-expression of sst3 on a-cells was found to be about 60% in diabetic NOD mice compared with 10% in normoglycaemic mice. However, animals without insulitis had also a high co-expression of sst3 on a-cells. In d-cells almost half of the cells expressed sst3, whereas the PP cells in diabetic animals did not express sst3 at all in diabetic animals. This may suggest that sst3 expression is affected by the diabetes progression, but not by the influence of infiltrating immune cells. The function of sst3 in pancreatic islet cells is presently unknown and needs further investigation.
In the present report we observed about 10% of the normal female NOD mice were found positive for islet sst4 expression. More diabetic animals compared with normoglycaemic NOD mice showed expression of sst4 (Fig. 3) . The distribution of the receptor was similar to sst1 and 3. Normal mouse islet cells have been reported to express sst4 to a lower degree (21) . Interestingly, the receptor was co-expressed in 50 -80% in a-, d-, and PP cells in diabetic NOD mice, and not at all in b-cells. However, sst4 is the receptor subtype that has been studied the least and the function of sst4 in islets cells is essentially unknown.
sst5 is an important receptor subtype in inhibiting secretion of hormones from endocrine cells (28) (29) (30) . About 50% of the normal females and 85% of diabetic NOD mice were found immunoreactive for sst5 in their islets (Fig. 3) . This receptor expression correlated with increasing age (data not shown) and insulitis score B (Fig. 4) . A more pronounced peripheral immunoreactivity in the islets, as for sst2, was also observed in the majority of normal females. However, unlike sst2, this staining pattern was detected in a third of the diabetic females. sst5 was found, together with sst2, to be co-expressed in 100% of a-cells in diabetic animals. Insulin secretion has been reported to be inhibited mainly by activation of sst5 in both human (31) and mouse (17, 18) islets. The immunofluorescence study of diabetic animals showed 11% co-expression of sst5 on b-cells compared with 61% in normoglycaemic animals in the same age group. Our results may suggest that sst5 may also be involved in several other functions in the pancreatic islets, for example inhibition of glucagon release, but further studies are needed to confirm this.
In conclusion, we found a higher frequency of diabetic female NOD mice showing sst2 -5 expression in their pancreatic islet cells compared with normoglycaemic females. This correlated with increasing age and extent of insulitis. The changed sst2 -5 expression in the islets cells of diabetic mice may suggest that ssts are either a contributing factor to, or a defence response against, ongoing b-cell destruction and hyperglycaemia. We also found that the islet architecture and co-expression of ssts with islet hormones were altered in diabetic animals. The present investigation of sst subtype expression in islet cells of NOD mice at different stages of disease may provide useful information for understanding islet function, and be of interest if attempts are performed to modulate progression of type 1 diabetes by somatostatin analogues. 
